Combining ion pairing agents for enhanced analysis of oligonucleotide therapeutics by reversed phase-ion pairing ultra performance liquid chromatography (UPLC).
The burgeoning field of oligonucleotide therapeutics is based upon synthetically derived biopolymers comprised of relatively simple RNA and DNA building blocks. Significant gains in knowledge around mechanisms of action (RNA interference, RNA splicing, etc.) and oligonucleotide design (ASO, siRNA, DsiRNA, miRNA, locked nucleic acid, etc.) have been the main drivers of recent investment for this field [1,2]. As therapeutics, there is currently great interest in oligonucleotides due to the reduced time required to achieve lead molecules and to their potential for treating previously untractable diseases. One of the more challenging areas for the field of oligonucleotide therapeutics is the development of high-quality analysis schemes for the determination of purity in drug substance and product. This, in part, is due to the fact that the synthesis of oligonucleotides results in a significant number of closely related impurities that are not easily removed during purification [1]. As a result, these macromolecules (4000-8000 MW on average, depending on chain length) and their soup of closely related impurities are typically not well resolved from one another via conventional chromatographic approaches. One of the more common chromatographic techniques used for oligonucleotide analysis is reversed phase-ion pairing liquid chromatography (RP-IP). Our research led us to the discovery that the use of multiple ion pairing agents combined in the mobile phase can improve the overall chromatographic resolution and peak shape of the oligonucleotide analytes over the use of a single ion pairing agent alone, resulting in enhanced purity analysis and the opportunity to identify related impurities with greater certainty. In addition, the use of combined ion pairing agents allowed for the development of a "universal" method which has provided superior chromatography for several different oligonucleotide compounds and their related impurities regardless of differences in nucleotide sequence. The RP-IP UPLC method conditions are ESI-MS compatible and have allowed for the mass identification of five positional isomeric impurities chromatographically resolved and present at less than 1% of the nominal parent peak area.